A novel thermoacidophilic iron and sulfur-oxidizing archaeon, strain YN25, was isolated from an in situ enriched acid hot spring sample collected in Yunnan, China. Cells were irregular cocci, about 0.9-1.02 µm×1.0-1.31 µm in the medium containing elemental sulfur and 1.5-2.22 µm×1.8-2.54 µm in ferrous sulfate medium. The ranges of growth and pH were 50-85 (optimum 65) and pH 1.0-6.0 (optimum 1.5-2.5). The acidophile was able to grow heterotrophically on several organic substrates, including various monosaccharides, alcohols and amino acids, though the growth on single substrate required yeast extract as growth factor. Growth occurred under aerobic conditions or via anaerobic respiration using elemental sulfur as terminal electron acceptor. Results of morphology, physiology, fatty acid analysis and analysis based on 16S rRNA gene sequence indicated that the strain YN25 should be grouped in the species Acidianus manzaensis. Bioleaching experiments indicated that this strain had excellent leaching capacity, with a copper yielding ratio up to 79.16% in 24 d. The type strain YN25 was deposited in China Center for Type Culture Collection (=CCTCCZNDX0050).
INTRODUCTION
It is well known that bioleaching, recovering metals from low-grade sulfidic ores by microorganisms, has developed into a successful commercial biotechnology. In many cases, it offers environmental and technical advantages over other available technologies (13, 21) . This process is driven by consortia of chemolithotrophic iron and sulfur-oxidizing bacteria and archaea that are ubiquitous at sites of mineral oxidation. The most studied acidophilic metal sulfide oxidizing microorganisms belong to the mesophilic and moderately thermophilic bacteria. Thermophilic and acidophilic sulfur/iron oxidizers dominating at a temperature range of 40-60 are the typically rod-shaped, Sulfobacillus species (15, 22) 19, 33, 34) . Thermophilic sulfur/iron oxidizers, which thrive above 60, usually belong to Archaea domain, genera Sulfolobus, Acidianus, or Metallosphaera (15, 22, 32) .
Biological regeneration of FeP
3+P from FeP 2+P is the key to chemical attack of metal sulfides. However, biooxidation of reduced inorganic sulfur compounds (RISCs) is also important to prevent the accumulation of passivating sulfur particulate on metal surfaces that can limit metal mobilization rates.
Thermoacidophiles grow at temperatures (60-85 ) where mesoacidophilic or morderate biocatalysts (or contaminants from nonsterile substrates) are not able to exist, and where passivation from RISCs is nearly eliminated, lead to more effective leaching rates (23) . 
Sulfur-oxidizing thermoacidophilic archaea

MATERIALS AND METHODS
Microbial enrichment and Isolation
The water samples from a hot spring located in , while the initial pH test was carried out at a constant temperature at 65°C, which was given in the former one. The cell densities of cultures in the flasks were monitored by a cell counting chamber directly.
To determine the optimal concentration of YE, a series of tests with the following different concentration of YE (w/v):
0.005%, 0.01%, 0.015%, 0.02%, 0.025%, 0.03%, 0.035%, 0.04%, 0.045%, 0.05%, 0.06%, 0.07%, 0.08%, 0.085%, 0.09%, Archaeon isolated from a hot spring 0.1%, were implemented.
Microscopy
The morphology and motility of the strain YN25 were observed with optical microscope (Olympus CX-31). Surface micro-structural features of the cells in the logarithm growth phase were examined with scanning electron microscope (SEM, JEOL JSM-6360 LV), following fixation, dehydration and critical point drying of samples (12) .
16S rRNA gene profiling
Chromosomal DNA was purified in accordance with the with YN25 sequence using Clustal X 1.80, which was used to make a distance matrix, followed by a neighbor-joining tree.
Bootstrap analysis was carried out on 1000 replicates input data sets, and Phylogenetic trees were generated by Treeview software MEGA 3.1.
Nutrition growth
In Chemoorganotrophic growth tests, the following organic compounds were tested without FeSOB 4B or SP KB 2B OB 6B SB 4B for 9K-base medium, were added as energy.
The only organic source was 0.2 g·LP -1P YE.
Chemoautotrophic growth tests were performed in the same way without YE.
Anaerobic growth
Anaerobic for 5 min and oxygen indicators were placed in the anaerobic Archaeon isolated from a hot spring tank. To monitor the sulfate reduction reaction lead acetate papers was used in the anaerobic tank. Concentration of total iron was analyzed by atomic absorption spectrometry, and that of ferric iron was calculated by the concentrations of total iron and ferrous iron (34) . Cell growth was determined by the protein concentration started from the stationary phase.
Sensitivity to antibiotics and tolerance to heavy metals
The antibiotic sensitivity to antibiotics and tolerance to several heavy metals of strain YN25 were monitored in sulfurcontaining media (as described above) different concentrations of ampicillin, chloramphenicol, kanamycin, rifampin, tetracycline and gentamicin (35) 
Whole-cell lipid fatty acid analysis
Cells of strain YN25 were harvested by centrifugation, and then transferred directly to a screw-cap vial. The fatty acid methyl esters (FAMEs) were obtained by methylation, saponification and extraction, as described previously (18) . The separation of FAMEs was performed by a gas chromatography 
Bioleaching of chalcopyrite
Chalcopyrite used in this experiment was provided by 
RESULTS AND DISSCUSSION
Morphological characterization
The cell morphology was similar to other members in the order of Sulfolobales, with slightly aspherical shape ( Figure 1 ).
The cell shape and size were significantly varied in different energy resource. The dimension of strain YN25 was about 0.9- 
Growth conditions
The strain YN25 was able to grow on several organic substrates, including various monosaccharides, alcohols and amino acids (Table 1) . Generally, compared with other iron-oxidizing bacteria, strain YN25 had higher ferrous iron oxidizing activity (2, 8, 11, 33, 34) .
The sulfur oxidizing activity of strain YN25 was determined in the optimum conditions (initial pH 2.5, 10 g·L 
Anaerobic Metabolisms
The biggest differents in characteristics of genus Acidianus (Table 2) .
Based on the characterization of anaerobic metabolism, strain YN25 had the same electron donor with A. manzaensis ATCC BAA 1057 but clear differences in electron acceptor (32). 
Fatty acid analysis
Thermophilic archaea possess unique fatty acid composition which enable it to grow in high temperature (17) , which is also an important method for phylogenetic study such as archaea identification and classification of (3).
Whole-cell fatty acid compositions were shown in Table   5 . There were five groups of fatty acids found in strain YN25
by gas chromatograph. The predominant one was C16:0, Archaeon isolated from a hot spring accounting for 41.36% of the total fatty acids. According to the characteristics of Alicyclobacillus, -alicyclic acids are the predominant membrane fatty acids in this genus (14, 29) . Membrane lipid composition of Metallosphaera sedula YN23 (accession number of GenBank:
EF142855) was more complex than YN25. As shown in Table   5 , strain YN25 was substantially different from
Alicyclobacillus sendaiensis, Sulfolobus metallicus and
Metallosphaera sedula. According to the analysis of fatty acid, strain YN25 was closed related to the genus Acidianus. 
Molecular phylogenetic analysis
The phylogenetic position of the new isolate was evaluated by 16S rRNA gene sequence information, in which a total of 1416 nucleotides were sequenced (accession number of GenBank EF522787). The nearest phylogenetic relative to the isolate was Acidianus manzaensis ATCC BAA 1057 with exactly 99% of similarity. A neighbour-joining phylogenetic tree was constructed based on the distance matrix data of the isolate and several reference archaea. As described in Figure 3 , the species of Acidianus chosen were dividied into six groups based on the 16S rRNA gene sequences, and strain YN25 clustered with Acidianus manzaensis ATCC BAA 1057.
Based on morphological, biochemical, physiological characterizatics and the molecular biology analysis, strain YN25 could be classified into Acidianus manzaensis. Archaeon isolated from a hot spring 
